, and Z = 2. It occurs as pseudotetragonal prisms to 0.2 mm with the forms {100} and {011} and as botryoidal intergrowths to 0.3 mm in diameter; no twinning was observed. Markcooperite is orange and transparent, with a light orange streak and adamantine luster, and is non-fluorescent. Mohs hardness is estimated at 3. The mineral is brittle, with an irregular fracture and perfect {100} cleavage. The calculated density is 8.496 g/cm 3 based on the empirical formula. Markcooperite is biaxial (+), with indices of refraction α = 2.11, β = 2.12, γ = 2.29 calculated using the Gladstone-Dale relationship, measured α-β birefringence of 0.01 and measured 2V of 30 (5) is based on sheets of corner-sharing uranyl square bipyramids and tellurate octahedra, with Pb atoms between the sheets. Markcooperite is the first compound to show Te 6+ substitution for U 6+ within the same crystallographic site. Markcooperite is structurally related to synthetic Pb(UO 2 )O 2 .
O 6 , is one of seven new secondary lead-tellurium minerals discovered recently at Otto Mountain near Baker, California. Detailed information on the mining history, geology, mineralogy, and mineral paragenesis of the deposit, as well as the discovery of the new minerals, is provided in Kampf et al. (2010a) . Markcooperite is the first natural uranyl tellurate discovered; however, three uranyl tellurites are known: cliffordite, UTe 4+ O 9 (Gaines 1969) , moctezumite, PbUO 2 (Te 4+ O 3 ) 2 (Gaines 1965) , and schmitterite UO 2 Te 4+ O 3 (Gaines 1971) . Markcooperite is named in honor of Mark A. Cooper (b. 1963) of the University of Manitoba for his contributions to mineralogy. He has been involved in the description of many new minerals (~35), and the determination of the crystal structures of many minerals containing uranium (e.g., schoepite, guilleminite, marthozite, rutherfordine) and tellurium (e.g., khinite-4O, khinite-3T, spiroffite). Cooper has agreed to the naming of the mineral in his honor. The new mineral and name have been approved by the Commission on New Minerals, Nomenclature and Classification of the International Mineralogical Association (IMA 2009-045 Kampf et al. 2010e ). Other potentially new species are still under investigation.
Markcooperite and most of the other secondary minerals of the quartz veins are interpreted as having formed from the partial oxidation of primary sulfides (e.g., galena) and tellurides (e.g., hessite) during or following brecciation of the quartz veins. The U may have originated from one or more primary U-bearing phases (possibly uraninite in the form of inclusions); however, the source of the U is yet to be determined.
phySicAl And opticAl pRopeRtieS
Markcooperite crystals are pseudotetragonal prisms exhibiting {100} as the basal form and {011} as the prism form. Crystals range from tiny, thin, tapering prisms, <5 µm in length ( fig. 1) , to larger squat prisms to 0.2 mm in length. Most commonly, the mineral occurs as botryoidal aggregates to 0.3 mm in diameter, which consists of tightly intergrown crystals ( fig. 2) .
Markcooperite is orange and transparent, with a light orange streak and adamantine luster. It is non-fluorescent and has an estimated Mohs hardness of 3. The tenacity is brittle, the fracture is irregular, and the cleavage is perfect on {100}. Density could not be measured because it is greater than those of available high-density liquids and there is insufficient material for physical measurement. The calculated density is 8.496 g/cm 3 for the empirical formula. In dilute HCl, markcooperite immediately decomposes, turning white and opaque, and then dissolves slowly.
Optically, markcooperite is biaxial (+); however, the indices of refraction are higher than the available high-density liquids. The Gladstone-Dale relationship (Mandarino 1981) predicts n av = 2.175 from the empirical formula. This value can be used with the measured 2V of 30(5)° and the α-β birefringence (0.01) to predict the indices of refraction: α = 2.11, β = 2.12, γ = 2.29. The optical orientation is X = c, Y = b, Z = a. The mineral is slightly pleochroic in shades of orange, with absorption: Although no damage was noted in a subsequent SEM examination of the probe mount, tellurates are prone to electron beam damage. This and sample porosity contributes to the low analytical total, even though we used the mildest analytical conditions feasible. This problem of sample instability in the electron beam appears to be common in tellurates, cf. 
X-RAy cRyStAllogRAphy And StRuctuRe deteRminAtionS
Both powder and single-crystal X-ray diffraction data were obtained on a Rigaku R-Axis Spider curved imaging plate microdiffractometer utilizing monochromatized MoKα radiation.
The powder data presented in Table 1 show good agreement with the pattern calculated from the structure determination.
The Rigaku CrystalClear software package was used for processing the structure data, including the application of an empirical absorption correction. The structure was solved by direct methods using SHELXS-97 and refined, with neutral atom scattering factors, using SHELXL-97 (Sheldrick 2008) . The details of the data collection and the final structure refinement are provided in Table 2 . The final atomic coordinates and displacement parameters are in Table 3 . Selected interatomic distances are listed in Table 4 and bond valences in Table 5 . CIf and structure factors are available on deposit 1 .
deScRiption of the StRuctuRe
In the markcooperite structure ( fig. 3) , uranyl square bipyramids and tellurate octahedra link to one another by sharing corners along b and c to form sheets parallel to (100). The sheets are linked in the a direction via bonds to Pb atoms residing between the sheets. The [½ (TeO 6 ) 2- (Kraus and Nolze 1996) . d calc based on the cell refined from the powder data (*) using UnitCell (Holland and Redfern 1997) . 
2-
∞ ] sheet, although the parent sheet, as described by Burns (2005) , is found in the autunite structure-type (Burns et al. 1996) .
The structure of markcooperite is topologically equivalent to the orthorhombic (Pbcm) structure of Ba[(UO 2 fig. 3 ) in which there is only one U site located on the origin. The replacement of alternating (UO 2 O 4 ) square bipyramids by TeO 6 octahedra to form the markcooperite sheet leads to a reduction in symmetry to the monoclinic space group, P2 1 /c. The increase in the β angle to 90.833(5)° also apparently serves to better accommodate the smaller TeO 6 octahedra within the sheet. During structure analysis, we tested an orthorhombic Pbcm model in which U and Te were refined on the origin; however, it yielded unreasonable bond lengths and higher R-factors.
Another interesting feature of markcooperite is the partial substitution of Te for U on the origin. The refined U:Te occupancy of 0.75 (2):0.25 (2) Brown and Altermatt (1985) ; [6] in that it has not been described in any natural or synthetic structure; however, it is derived from the more fundamental sheet [(UO 2 O 4 ) Mills et al. 2010; Kampf et al. 2010a ). We note that the U and Pb bond-valence parameters have been refined with a new r 0 -b pair with b ≠ 0.37, whereas Te 6+ has not. fixing b = 0.37 also contributes to large displacements in the bond-valence fits (Burns et al. 1997; Locock and Burns 2004; Mills et al. 2009a) .
The Pb atom is in 10-fold lopsided coordination ( fig. 4) , which is indicative of the 6s 2 lone-pair being stereochemically active. This feature is often noted in Pb oxysalts (e.g., Moore 1988; Cooper and Hawthorne 1994; Kharisun et al. 1997; Mills et al. 2009b ) and, in fact, the Pb atoms in the structures of all seven recently discovered new minerals from Otto Mountain exhibit this feature. All 10 Pb-O bonds are unique and range from 2.45 to 3.63 Å, with an average of 2.86 Å. In Pb[(UO 2 O 2 )] (Cremers et al. 1986) , Pb is in 10-fold coordination and also exhibits a steroactive lone-electron-pair, with Pb-O bonds ranging from 2.48 to 3.81 Å and with an average bond length of 2.89 Å.
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